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1 INTRODUCTION 
Concurrent engineering taking into account product 
life-cycle factors seems to be one of the industrial 
challenges of the next years. Companies have to 
elaborate more accurate an reactive plans in order to 
be able to be in accordance with economical chal-
lenges. 
Cost estimation and management are two main 
strategic tasks that imply the possibility of managing 
costs at the earliest stages of product development. 
This is why it is indispensable to let people from 
economics and from industrial engineering collabo-
rates in order to find the best solution for enterprise 
progress for economical factors mastering. 
But such target is not so easy to define and to 
characterize. So, consequently, this is always diffi-
cult to understand the different mechanisms that are 
on the critical path on each of the enterprise proc-
esses. 
The objective is not to re-invent economical 
evaluation methods but to try to adapt them to the 
new industrial context and configuration in order to 
give pertinent decision aid for product and process 
choices. 
A second very important factor is related to cost 
management problems when developing new prod-
ucts. How to let product development actors have 
referenced elements to product life-cycle costs and 
impacts? How to let them have idea bout economical 
indicators when taking decisions during the progres-
sion of the project of product development? 
The following paragraphs give some fundamen-
tals about economic methods related to the determi-
nation of value chains and the evaluation of indus-
trial costs. An industrial application to casting 
industry is described and argues as a first application 
of our approach for economical factors evaluation 
and control. 
2 CONTEXT EVOLUTION 
The new international market context increases, for 
the design and manufacturing enterprises, the need 
of reactivity and agility. However, customer’s re-
quirements change: high quality, shorter time to 
market, innovative and custom products, various 
services and of course lower prices. For a few dec-
ades, the companies have faced significant environ-
ment modifications and then had to adapt their man-
agement tools, mainly cost management tools. 
First, the concept of enterprise evolves to a more 
dynamic structure that implies the necessity of new 
methods for performance evaluation and mainly cost 
estimation. 
The development of automation in the produc-
tion’s operations involves the reduction of the labour 
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direct costs. In opposition, the indirect costs, related 
for example to the maintenance of the reconfigurable 
manufacturing systems, are more important. 
However, in the traditional accountancy systems 
(method based on homogeneous sections), the over-
heads are often arbitrary. This does not have any in-
cidence when the percentage of overheads is weak 
(the impact on the unit costs can be negligible); for 
example, the time cost of labour can be raised by a 
coefficient representing a quota of the administration 
expenses. But when these indirect parts, instead of 
being residual, represent the major part of the costs, 
it is necessary to apply finer methods of analysis. 
Moreover, the organization of the companies 
changed. Due to the just in time methodologies, the 
old functional structure, which means a vertical hi-
erarchical management, changed in a horizontal 
management including a higher coordination 
between the services. Therefore, the functional cost 
division is no longer useful for management. For 
example, the cost of an after-sale, use to be linked 
with the commercial function, can be caused by a 
manufacturing defect; consequently these are the 
process but not the products that had to be re-
considered. The activities that related to the concept 
of “value chain”, popularised by Mr. Porter (Porter 
& al. 1995, Ambec & Barla 2002), made much in 
the awakening of these phenomena. 
Second, a widen competing field has to be taken 
into consideration. 
The growing width of the competing field led the 
companies to reduce on the one hand the times of 
decision (through the availability of correct eco-
nomic information at the good time.), and on the 
other hand the risks of bad decisions (complete visi-
bility of the impacts during the totality of the prod-
uct life cycle). Therefore, it is essential to have reli-
able metrics making it possible to quantify the costs 
and times a priori resulting from an evolution from 
the products/process at one unspecified time of their 
life-cycle. Such indicators, which integrate the tech-
nique and economic points of view with various 
steps of the product/process life cycle do not yet ex-
ist, or if they do, give an incomplete or not reliable 
answer. In 1998, this report was a prelude to the 
formulation of the project METACOG (Methodol-
ogy of design to total cost objective, part of the 
French national PROSPER project), which aims to 
define these metrics. 
Third, a horizon evolution has also implied many 
consequences in the methods and factors for cost 
evaluation. 
Whereas since its beginnings, the calculation of 
costs is used to improve knowledge of the products 
costs in production, its application gradually moved 
towards the future products cost. This change of ob-
ject does not come out from developments in the 
technology of costs calculation but from a change in 
the comprehension and modelling of costs. Then the 
consideration of the life cycle targets and factors 
seems an extension, on a longer horizon, of the 
movement started in the seventies on the costs man-
agement tools. Their construction is contingent, tak-
ing into account of the economic, the structure and 
the operating environment of the company. 
3 COST EVALUATION 
First of all, it is essential to clearly define the basic 
notions of cost management and their evolutions. 
The old way to consider the selling price was calcu-
lated according to the cost price plus the margin. But 
today, the selling price is market driven, depending 
on the fee, which the customer is ready to pay ac-
cording to the functions, and the services expected. 
Consequently, the margin is not used to calculate the 
selling price but it results from it, equal to the selling 
price minus the cost price. Consequently, the selling 
value and the margin must be the objectives, and 
then an "objective maximum cost price", known as 
"objective cost" can be evaluated as an objective-
selling price minus the objective margin. This is this 
concept which will drive design services during their 
study phase. 
But, it still remains some problems depending on 
the concept of a product complete cost price and one 
the margin applied to find the selling price. So cost 
management methods tried to deal with all this prob-
lems (Brodier 1990, Perrin 1996). For example, the 
respect of the product cost is the base of the target 
costing methods’ and Activity Based Costing (you 
have to aim an objective target cost and then make 
correspond the final product cost after what you can 
measure the gap between the effective and the objec-
tive cost). The respect of the budgets, mainly the 
studies’ budgets, is the second key factor for success 
at the financial level. 
 
 
Figure 1: Direct and indirect costs evolution 
 
Formerly, the costs used to take into account a 
majority of direct costs (often about 70%), i.e. easily 
affected with the products. The costs not directly 
easily affected with the products could be the subject 
of total distributions (the choice of the scale little in-
fluenced the result). But now, the proportions be-
tween direct to indirect costs are reversed (see figure 
1). 
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In addition, the early phases of the product design 
decisions’ impose more than 85% of the final cost, 
witch means that the early mistakes or miss evalua-
tions affect in a very large way the costs (see figure 
2). The curve above shows the evolution of the ex-
penses really engaged by the company. The main ef-
fort for cost management should be focus on the first 
step of the product life cycle. At the end of the stud-
ies, approximately 85% of the complete cost of the 
program is fixed. Statistically, the share of responsi-
bility in the establishment for the costs is 85% at the 
engineering and design department, 10% at the of-
fice “methods industrialization” and approximately 
5 % with manufacture itself and the service pur-
chase. 
 
Figure 2: Cost evolution during a project (Alcouffe & Bes 
1997) 
 
As indicates it the following figure, more the 
product’s definition advances, less the modifications 
are easy and the costs increasingly expensive. There 
is thus an obvious economic interest to concentrate 
on the search for a product optimisation earlier as 
possible in the process, the potential saves are sig-
nificant and the committed costs weak.  
Thus, the cost of a product relies on the engineer-
ing and design department. Then, the design choices, 
inexpensive in terms of resources consumption ap-
pear in the manufacturing costs when it becomes 
very hard and expensive to carry out modifications 
(Bellut 2002, Mevellec 2000). 
So, we tried to point out that cost management is 
hard to handle due to the lack of efficient tools or 
methods and the very strong effects of decisions in 
the earlier phases of the product development. 
4 APPLICATION CASE STUDY 
Based on these facts, we developed, with SMC CO-
LOMBIER FONTAINE company, a dynamic 
method balancing, at the quotation level, the effects 
of a production on the economical results of the so-
ciety. This method integrates the enterprise proc-
esses in order to manage from the customer requests 
to the parts to be delivered. The value added unit, 
chosen for measuring the performance is the time for 
each step of the product lifecycle in the enterprise. 
This method follows the product life cycle in the en-
terprise and is implemented thanks to a collaborative 
and concurrent engineering approach between all the 
actors. 
SMC COLOMBIER FONTAINE is a French in-
dustrial company in the AFE METAL group. The 
core process is steel sand casting used to manufac-
ture primary parts. They manufacture about 1000 
references per year and design an average of 15 new 
tooling per month. 
At the beginning of this work (1999), two factors 
led the manager develop a complete numerical tech-
nology and traceability supporting the product life-
cycle in the enterprise (Bernard & al. 2002-a and b): 
First the time (then the cost) needed for a new 
product’s industrialisation takes from 20 to 40 hours 
to complete a CAD study (model the part, the master 
pattern, the pattern-plates, the cluster and simulate 
the fill up and the solidification). Furthermore, the 
same technicians answer to quotations asks, design 
the tooling, simulate and optimise the complexes 
parts. Then, the method’s service cannot generalize 
this complete study to all the parts. Furthermore, all 
these indirect costs took a bigger place in the enter-
prise financial results due to the important mix of 
product. 
Secondly, the selling price was completely dis-
connected from the real value added by the enter-
prise, without taking into account the exact costs of 
the tooling developments (cores and core boxes, the 
master patterns…). Finally, the technician globally 
evaluated the complexity of the part; the price was 
then calculated on the base of its weight and a ratio 
depending on the complexity. 
 
 
Figure 3: Complete numerical technology (Bernard et al., 
2003) 
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So, in order to reduce the "time to market" (and 
optimise the efficiency of the tooling office) and to 
exactly master the costs of the parts, SMC devel-
oped a complete numerical technology to support his 
improvements. This is based on a shared CAD/CAM 
data and environment, supported by SolidWorks ap-
plication (see figure 3), and developed for each view 
required during the PLM in the enterprise (see. fig-
ure 4): 
- design the part at the quotation level (initial 
model), 
- enriched with the cast rules (skins, machining 
stock allowance…), 
- tooling design (cluster CAD model, master pat-
tern…) and manufacturing (CAM tooling model and 
NC files), 
- process validation and optimisation (fill up and so-
lidification simulations), 
- moulds and parts control... 
 
Figure 4: Place of the quotation tool in the numerical loop 
 
This collaborative approach allowed on the one 
hand a drastic reduction of time to market. Indeed, 
the old way of development took nearly six weeks 
before validating the parts prototype whereas a com-
plete integrated solution allow in two weeks and half 
this validation with the adequate tools (see figure 5) 
presenting the evolution of the time needed for the 
several steps of the industrialisation development: 
study, CAM, wait of pattern maker availability, 
model machining, master pattern elaboration and 
prototype validation). 
 
 
 
Figure5: Time to process validation delay 
 
On the other hand, the quotation service can now 
reply efficiently at each new request with a complete 
optimised study and a perfect knowledge of the ex-
act time required for the study, the validation and 
manufacturing of the part. The enterprise processes 
are completely described in a knowledge database. 
The time factors, related to the various activities and 
operations during the product life cycle (time needed 
for a study, for tooling manufacturing, for the rate of 
production and so on), are closely looped in order to 
keep a coherency between the total time evaluation 
and the exact times spent. This time evaluation is 
given through a particular Excel’s sheet application 
developed in collaboration with the head director of 
the enterprise (presented on figure 6) linked with all 
the processes indicators. This allows estimating the 
impact on the production capacities and the financial 
results of the company. This is a very efficient 
method of capitalizing in detail the characteristic 
factors of each of the product realization elementary 
processes. 
 
Figure 6: Economical impact estimations 
 
So, when the quotation technician gives a selling 
price for a new part to be delivered, he sells the time 
spent for its manufacture with respect to the defini-
tion of the characteristic factors of the processes (in 
addition with the direct costs like raw material for 
example). It is to be noticed that, with regard to the 
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charge of the process validation (presented above), 
the time is up to now evaluated and not exactly 
measured. 
In addition, the financial goals of the enterprise, 
in term of turnover and profit, give a cost rate objec-
tive per hour of work, which balances the budget. 
The technician immediately knows whether, or not, 
this order will be benefit for the enterprise. Two dif-
ferent kinds of orders can be identified: the “con-
tributive” ones (that cover both fix and variable 
costs) or the “marginal” ones. It would be easier to 
only take into consideration the first ones but the 
production lines should work at their maximum 
capacities in order to keep a production economic 
cost. So, some marginal orders are included in the 
production scheduling to maintain a manufacturing 
activity for social and economical reasons. 
By fulfilling the form, linked with the CAO in-
formation’s and the manufacturing process (the nu-
merical shared technology starts at this first initial 
level), the result given by the form is an estimated 
selling price relying on the time estimated and the 
objective cost rate. Depending on the final selling 
price, the order is seen as contributive or marginal. 
Consequently, each quotation technician had to 
manage his own impact on the enterprise, taking into 
account of the effects of his sold parts. The Excel 
application helps this management with an auto-
matic drawing of curves giving the relative position 
of all the orders engaged by the technician for the 
ongoing year and the objective cost rate per hour to 
adjust the price strategy of the quotations (cf. Figure 
7). 
 
 
Figure 7: Time to process validation delay 
5 DISCUSSIONS AND CONCLUSIONS 
This paper aims to present a cost objective PLM and 
CE approach and case study in the casting industrial 
field. 
The two main outputs of this research are on one 
hand the necessity of the definition of effective cost 
indicators (direct or indirect ones) in order to be able 
to qualify and quantify the relationships between the 
process characteristics and their impact on the re-
sults of the company. On the other hand, it is of ma-
jor interest to propose a complete numerical and 
methodological integration based on a PLM and CE 
way of thinking. The information system scenarios 
have been developed in order to be able to deploy a 
complete closed-loop integrated and collaborative 
structure and processes. 
In parallel, a permanent study of the processes 
and of the different cost effects allows defining in 
details the major relationships between the company 
activity and the value/cost characterization. 
Our current research are oriented to the im-
provement of use and integration of pricing and 
costing estimating in order to be able to consider 
economical factors as performance objectives at the 
same level that all technical and organisational ones. 
This corresponds to a very present demand from 
industry mainly due to shorter time-to-market and to 
the new virtual enterprise structures. 
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